The adsorption of 2-hydroxyethyl methacrylate (HEMA) on bovine dentin from aqueous solution was examined to clarify the priming effects of HEMA on dentin bonding.
The adsorption of 2-hydroxyethyl methacrylate (HEMA) on bovine dentin from aqueous solution was examined to clarify the priming effects of HEMA on dentin bonding.
HEMA adsorption was characterized by: (1) slow attainment of equilibrium at higher concentrations (after 72h); (2) a linear isotherm with a maximum possible adsorption, where an abrupt horizontal plateau occurred; (3) the large adsorption of ca. 2.5% by weight at the plateau; and (4) a vertical initial slope of the isotherm.
The morphological difference between dentin powder surfaces before and after adsorption could not be determined. After heating, however, dentin powder which adsorbed HEMA was more resistant to demineralization with 6N HCl than the powder which did not adsorb.
SEM examinations demonstrated that
there was a demineralization-resistant dentin layer in tooth which adsorbed HEMA.
The results indicated that HEMA infiltrated into intertubular dentin during adsorption.
INTRODUCTION
Some dentin primers on the market contain 2-hydroxyethyl methacrylate (HEMA) as an important ingredient.
For example, an aqueous solution of HEMA and glutaraldehyde is available, and another primer contains HEMA and maleic acid. It has been reported that priming of the dentin surface with an aqueous mixture of HEMA and glutaraldehyde for 60 s enhanced the bond strength of the composite1).
Itoh and Wakumoto2) stated that the pretreatment of dentin on the cavity wall with 35% HEMA solution improved the marginal seal of composite restoration.
Other experimental aqueous dentin primers containing HEMA have also been studied3-5).
Adsorption may be closely related to adhesion. In this investigation, the adsorption of HEMA on bovine dentin powder from aqueous solution was examined to discuss the priming effects of HEMA mentioned above. Some additional experiments were conducted to demonstrate the adsorption behavior of HEMA on dentin.
MATERIALS AND METHODS

Adsorbent
Frozen bovine tooth crowns were crushed together with dry ice to a powder by a ball mill* after mechanical removal of cementum.
The tooth powder was sieved to obtain the Table. 1. Figure  1 is cm-1, indicating PO4 moiety, there were bands at 3350cm-1 (broad, -OH and -NH), 1662 and 1548cm-1 (amide) in both spectra. When the spectrum of the unadsorbed powder was subtracted from that of HEMA-adsorbed one, bands indicating that HEMA was adsorbed were clearly revealed (Fig. 8) . This result demonstrates that the HEMA adsorbed was not completely desorbed from dentin by rinsing in the sample perparation of the SEM examination.
Dissolution rate of the adsorbed dentin powder in 6N HCl
The changes in absorbance of the 6N HCl suspensions containing dentin powders are displayed in Fig. 9 . The absorbance scale in Fig. 9 is logarithmic, because the suspension and T. HIRASAWA Fig. 8 A subtracted spectrum of 35% HEMA-adsorbed dentin powder The subtrahend, the spectrum of unadsorbed dentin powder, was used in the calculation after multipling by 0.854. The left is an unadsorbed tooth, and the right the 35% HEMA-adsorbed tooth. Arrow on the right shows an acid-resistant dentin layer.
DISCUSSION
As seen in Figs. 3-5 , the adsorption of HEMA on bovine dentin powder from aqueous solution was characterized by: (1) slow attainment of equilibrium at higher concentrations of solution (after 72h); (2) a linear isotherm with a maximum possible adsorption, where an abrupt change to a horizontal plateau occurred; (3) high adsorption at the horizontal plateau (ca. 2.5% by weight); and (4) a vertical initial slope of the isotherm.
In any type of adsorption isotherm, adsorption from very dilute solution can be approximated by a line.
However, first-order approximation is not generally acceptable for adsorption from concentrated solution. Giles and his coworkers10) classified solution adsorption isotherms. They stated that linear curves were given by solutes which penetrate into the solid more readily than does the solvent. The slow attainment of equilibrium and high maximum possible adsorption of HEMA are reasonable, when it is postulated that the adsorbate penetrates into the dentin substrate.
A part of HEMA adsorbed, of course, may be located on the dentin surface. However, if the adsorption of HEMA was limited only to the dentin surface, some difference between adsorbed and unadsorbed surfaces would be observed by SEM, because the maximum possible adsorption amount was 2.5% by weight.
However, there was no detectable difference (Fig. 6) . The FTIR spectrum demonstrated the presence of HEMA on/in dentin (Fig. 8) . It was not possible that HEMA was completely desorbed by the rinsing with distilled water prior to the SEM examination. When adsorbed HEMA is polymerized, it is reasonable that the adsorbed dentin powder enhances its resistivity against dissolution with acid. Slower rates of dissolution in 6N HCl were given for dentin powders adsorbed and heated ( Fig. 9 and Table 2 ). Figure 10 demonstrated visually the results in Fig. 9 and Table 2 . The broken dentin surface of the adsorbed tooth was more resistant to demineralization with 6N HCl than that of the unadsorbed tooth, because the adsorbed HEMA had polymerized.
There were no dentinal tubules in the dentin powder used (Fig. 1) . In this work, therefore, penetration of HEMA into dentinal tubules during adsorption was impossible. However, there could be fine holes from lateral branches of dentinal tubules in the powder. A part of the adsorbed HEMA may have penetrated into and been trapped in the fine holes. In spite of this possibility, visual evidence of HEMA infiltration into intertubular dentin during adsorption was demonstrated by SEM (Fig. 11) . Nakabayashi et al.9) reported the infiltration of monomers into dentin treated with an aqueous solution of 10% citric acid and 3% FeCl3 for 30s. They stated that the dentin zone infiltrated by monomers acquired some acid-resistance after polymerization in situ. The acid-resistant dentin layer in this study (Fig.  11, right) is seen identical to those reported in other papers4, 9, [11] [12] [13] [14] .
The infiltration of HEMA into intertubular dentin from aqueous solution suggests a high affinity between HEMA and dentin. This affinity is supported by the vertical initial slope of the isotherm (Fig. 4)10) . The suggested high affinity explains at least qualitatively the priming effects of aqueous MEMA solution on bonding to dentin.
Although infiltration of HEMA into intertubular dentin is one of the possible adhesion mechanisms, details of the quantitative considerations are obscure. One of the unknown details is the rate of infiltration. Also, the relationship between the amount or quality of the infiltrated resin and bond strength is unknown.
It is assumed that the rate of infiltration of HEMA into intact intertubular dentin is slow, because the acid-resistant dentin layer obtained was thin even after the four-days adsorption (Fig. 11, right) . The extent of decalcification of the dentin surface by etchant or cleanser may affect the rate of infiltration.
The infiltration of monomer into the decalcified dentin layer may be faster than into intact dentin. In the practical bonding procedure, however, monomers are required to polymerize within a few minutes after application. Monomers lose their mobility after polymerization.
The nature of the hybrid of dentin and resin must be investigated in more detail to clarify the quantitative role of monomer infiltration in bonding.
CONCLUSIONS
It was demonstrated by the adsorption measurement, FTIR spectroscopy and SEM examination that HEMA was able to infiltrate into intertubular dentin from aqueous solution. The priming effects of HEMA solution on bonding to dentin were explained qualitatively by a high affinity between HEMA and dentin, as suggested by infiltration.
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